Résumé. 2014 Les théories précédentes concernant la variation de photoconductivité à la résonance de spin (expériences de Lépine dans le silicium) prédisent un effet de 10 à 100 fois trop faible.
Abstract. 2014 Previous theories to explain the variation of photoconductivity upon saturation of electron spin resonance, as observed by Lépine in silicon, predict an effect 10 to 100 times smaller than experiment.
In the present model we show that, due to the shorter lifetime of electron-hole pairs in singlet configuration, the steady state spin distribution shows a surplus of triplet pairs. Saturation of resonance restores the random distribution, resulting in a shortening of the recombination time.
The relative variation can be as large as 10 %, and is field independent as confirmed by experiment.
LE JOURNAL DE PHYSIQUE -LETTRES TOME 39, 15 FEVRIER This letter describes a model which explains spindependent recombination effects in semiconductors [1] . [2] , notably for surface recombination [3, 4] , recombination in plastically deformed crystals [5, 6] and more recently for amorphous films grown by silane decomposition [7] . A similar effect has been observed on the current of a p-n junction which depends on the recombination rate in the space charge region of the diode [8] .
An understanding of this phenomenon can start from the implications of spin angular momentum conservation : if the spin-orbit interaction is not large, as is the case for silicon, recombination transitions will conserve total spin. If after the transition the system is without a spin (as for instance for free electron-free hole recombination) then the initial configuration must be S = 0 (singlet configuration) for the transition to take place. This where Pe and Ph are the equilibrium spin polarizations in the applied magnetic field. This was the model first proposed by Lepine [3] . From these formulae it is apparent that the maximum change AR of the recombination rate R is ARIR = pe . pn. This is of order 10-6 at room temperature in a field Ho = 3 000 G. However some experiments performed under these conditions [3, [6] [7] [8] = a ARIR with a larger than unity [3] ; b) by assuming a spin larger than 2 due to ferromagnetic exchange interactions [6] ; c) by a model of resonant heating of the spins system which can also produce a change of the recombination rate proportional to the product Pe .Ph [9] . We conclude however that the magnetic field polarization falls short of explaining the magnitude of the effect in the general case.
We present here a model in which the departure from isotropy does not Using (5) and (8) this gives, expressed as a function ; .. of~=~D/~s:
Now the resonant saturation of either the electron or the hole spin [13] , extrapolated to infinite microwave power, restores the spin-pair random distribution, and the pairs recombine at a rate given by the average of expression (5) : The recombination rate is then simply
Thus in the present model the spin dependent recombination effect is simply due to the change of the recombination rate from R to RSAT when one saturates the spin resonance line. The relative change is plotted in figure 2 as A remarkable feature of the present theory is that it predicts a spin-dependent effect independent of the applied magnetic field in the first order of approximation. This has been verified in a preliminary experiment [17] where the spin-dependent photoconductivity has been measured on the same amorphous silicon sample at two resonance frequencies of 9.3 GHz and 1.9 GHz. Instead of a spin dependent effect varying like the square of the resonance field (a factor (9.3/1.9)~ = 24 in this experiment) as predicted by the previous models [3, 6, 9] , the same variation dR/R ~ 0. 5 x 10 -4 (extrapolated to complete saturation) has been obtained at the two frequencies, thus providing a crucial test for the present theory.
